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Abstract

Today, it is known that the levels of neurotrophic factors alter in neuropsychiatric disorders such as major
depressive disorder (MDD), schizophrenia, Alzheimer’s disease or Parkinson’s disease. In recent years, some
studies demonstrated that MDD may occur as a result of the changes in neuronal plasticity at structural and
molecular levels.
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Introduction
Neurotrophic factors play an important role in both neurogenesis

and neuronal plasticity [1]. Today, it is known that the levels of
neurotrophic factors alter in neuropsychiatric disorders such as major
depressive disorder (MDD), schizophrenia, Alzheimer’s disease or
Parkinson’s disease [2-4]. In recent years, some studies demonstrated
that MDD may occur as a result of the changes in neuronal plasticity
at structural and molecular levels [5,6]. Many studies demonstrated
reduced levels of brain-derived neurotrophic factor (BDNF) in
patients with MDD [7,8] and increased levels of serum BDNF
following an adequate antidepressant treatment or ECT [9,10]. Many
studies involving patients with schizophrenia found alterations in
serum levels of BDNF. Some of the studies reported no significant
differences in serum levels of BDNF between patients and normal
controls [11,12] some reported decreased serum levels of BDNF in
treated or first-episode schizophrenic patients [13,14]. Epidermal
growth factor (EGF) is a well-known neurotrophic factor that involve
in neuronal growth and synaptic plasticity [15]. Several studies
reported the relationship between EGF levels and neuropsychiatric
disorders such as schizophrenia, autism and Parkinson’s disease [3,16].
Although, the EGF association has been reported in aforementioned
neuropsychiatric disorders, it has not been well documented with
MDD. Tian et al. [17] are the first to demonstrate that the plasma EGF
levels in patients with MDD were significantly lower than those in the
control participants. They also concluded that the EGF levels may be
used as biomarkers for the early diagnosis and prognosis of psychiatric
disorders. The BDNF association has been well documented with
MDD or schizophrenia. However, to the best of our knowledge, the
EGF association with psychiatric disorders particularly with
schizophrenia has not been studied extensively. In this study, we aim
to investigate the serum levels of BDNF and EGF in patients with
schizophrenia with or without depression.

Materials and Method

Subjects
Study population comprised of patients diagnosed with

schizophrenia (SZ), major depressive disorder (MDD) and
schizophrenia with depression (SZD) and a healthy control group
between 18-65 years of age. A total of 47 subjects (11 SZ patients, 20
MDD patients, and 16 SZD patients) were enrolled in the study in this
cross-sectional study. The control group comprised 20 healthy
subjects. Sociodemographic information was taken for all the
participants. The patients were interviewed and diagnosed on the basis
of the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV, American Psychiatric Association, 1994). SZD
group of patients were comprised of patients with schizophrenia
meeting the DSM- IV diagnostic criteria for depression. Patients who
have an alcohol or drug addiction, patients diagnosed with depression
or a psychotic disorder based on a general medical condition or
substance use, and patients diagnosed with Axis-1 or Axis-2 disorders
other than SZ or MDD were excluded from the study.

The Positive and Negative Symptoms Scale (PANSS), the Calgary
Depression Scale for Schizophrenia (CDSS), and the Hamilton
Depression Rating Scale (HDRS) were used for assessment. In this
study cutoff scores for HDRS and CDSS were set at 8 and 12
respectively [18,19].

The study protocols were approved by the relevant ethics
committee. All the procedures that contributed to this work comply
with the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008. All the subjects gave their
written informed consent to participate.
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BDNF and EGF ELİSA
Blood samples were taken from the patient and control groups from

the antecubital vein after 12 hours of fasting between 08:00 and 10:00
am at the biochemistry laboratory of the institution. The samples were
studied at the same laboratory. The serums obtained from blood
samples taken for the BDNF and IL-2 parameters were preserved in
-80°C until they were studied. The blood samples were stored as long
as 18 months. The BDNF and EGF were studied by using Enzyme-
Linked Immuno Sorbent Assay (ELISA) kits (Boster Biological
Technologies, China). The BDNF and EGF values were defined as
ng/ml and pg/ml, respectively.

Statistical analysis
The descriptive statistics of the data in the study have been

calculated. Whether the data are normally distributed is examined by a
Kolmogorov-Smirnov test. The comparisons of the groups are
conducted with a Kruskal-Wallis test and/or a Mann-Whitney U test.
A Dunn-Bonferroni test is used for multiple comparisons. A
Spearman Correlation test has been used to determine the relationship
between the continuous variables. To compare the categorical
variables, Pearson’s Chi-square, Fisher’ Exact and Fisher-Freeman
Halton tests have been used. The level of significance is set at p=0.05.

Results
A total of 47 subjects (11 SZ patients, 20 MDD patients, and 16 SZD

patients) were enrolled in the study. The control group comprised 20

healthy subjects. There were no significant differences between the
three patient groups and the control group in terms of sex (p=0.096)
or age (p=0.188). There were no significant differences between the
patient groups in terms of the age of onset of the disorders (p=0.061).
However, the duration of the disorders were longer and the relapses
were more frequent in the SZ and SZD groups compared to the MDD
group (p<0.001). There were no significant differences between the
patient groups in terms of family history (p=0.583) or suicide attempts
(p=0.065). Socio-demographic information of the participants is
shown in Table 1. The SZ and MDD groups were drug-free, but 10 of
the 16 SZD patients were under treatment (7 of the patients were
undergoing atypical antipsychotic treatment, and 3 were undergoing
atypical antipsychotic and antidepressant combination treatment).
The patients were free of extrapyramidal side effects of the
antipsychotics. Compared to the control group serum BDNF levels
were found significantly lower in the SZ, MDD and SZD groups
(p=0.049, p=0.001, p=0.01, respectively). There were no significant
differences between the patient groups in terms of serum levels of
BDNF (p=0.236). Serum levels of EGF did not differ in the MDD
(p=1.00), SZ (p=1.00) or SZD (p=0.218) groups compared to the
healthy controls.

Schizophrenic patients Depressive patients Depressed schizophrenic
patients Healthy control

Sex Male 7 6 11 11

female 4 14 5 9

Age (years) 39.9 ± 11.4 39.9 ± 9.78 34.6 ± 9.14 35.2 ± 6.19

Age at onset 26.8 ± 9.4 31.1 ± 9.5 23.3 ± 9.3 NA

Duration of Illness (months) 144 ± 114.3 10 ± 9.1 127.5 ± 87.1 NA

BMI 25.2 ± 2.6 28 ± 5.6 25.1 ± 4.7 26.3 ± 4.4

Total PANNS

Score

93 ± 15.2

93 (70-117)
NA

90 ± 13.7

94.5 (55-111)
NA

HAMD score
NA

25.2 ± 4.6

25.5 (17-33)
NA NA

CDSS 0.8 ± 1.8

0 (0-5)
NA

15.5 ± 2.7

14.5 (13-21)
NA

Table 1: Clinical and demographic features of study subjects, Mean ± Standard Deviation; Median (Min-Max)

There were not any significant correlations between serum levels of
BDNF and sex or BMI values for both the patient group (p=0.246,
r=0.076 p=0.613) and the healthy controls (p=0.295, r=0.337 p=0.146).
Sex or BMI values also did not seem to affect serum levels of EGF in
both the patient group (p=0.238, r=-0.102 p=0.516) and the healthy
controls (p=0.131, r=-0.151 p=0.525). Numbers of relapses or suicide
attempts were not related to serum levels of BDNF (r=0.173 p=0.246,
p=0.144 respectively) and EGF (r=0.059 p=0.709, p=0.338

respectively). However, duration of the disorders were related to
serum levels of BDNF (r=0.389 p=0.007) while it was not related to
serum levels of EGF (r=0.216 p=0.164). There were not any significant
correlations between age and serum levels of BDNF in the patient
groups (r=0.239, p=0.106) and the healthy control group (r=0.128,
p=0.590). There was a negative correlation between age and serum
levels of EGF in the patient group (r=-0.392, p=0.009), whereas there
was no significant correlation between age and serum levels of EGF in
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the healthy control group (r=-0.313, p=0.178). There were not any 
significant correlations between serum levels of BDNF and PANSS 
(r=0.401, p=0.222) or CDDS (r=-0.310, p=0.353) scores in the SZ 
group. There were not any significant correlations between serum 
levels of EGF and PANSS (r=0.176, p=0.651) or CDDS (r=-0.639, p=0 . 
064) scores in the SZ group. There were not any significant
correlations between serum levels of BDNF and HDRS (r=-0.253,
p=0.282) scores in the MDD group. There were not any significant
correlations between serum levels of EGF and HDRS (r=-0.455,
p=0.050) scores in the MDD group. There were significant
correlations between serum levels of EGF and CDSS (r=0.154,
p=0.584) or PANSS (r=0.342, p=0.213) scores in the SZD group. There
were significant correlations between serum levels of BDNF and CDSS
(r=0.135, p=0.617), PANSS (r=0.183, p=0.498) scores in the SZD
group. Tables 1 and 2, demonstrate clinical and demographic features
of study subjects and mean serum levels of EGF and BDNF in study
subjects, respectively.

Discussion
The following are the major findings of the present study: i) the

serum BDNF levels are lower in all three patient groups than in the
control group; ii) the serum levels of EGF were not different from the
control group; iii) there were no significant differences between the
patient groups in terms of the serum BDNF and EGF levels. In the
medical literature, there are some studies that demonstrate that the
serum BDNF levels in schizophrenic patients are lower than those in
healthy controls [3,20,21] but some studies demonstrate higher serum
BDNF levels in schizophrenic patients than in healthy controls [12,22].
There are many studies that demonstrate that patients with MDD have
lower levels of serum BDNF than do control patients [4,7,23].

EGF (pg/ml) BDNF(ng/ml)

Schizophrenic patients
157.9 ± 81.9

148.1 (29.2-274.5)

15.4 ± 3.2

14.8 (11-22.4)

Depressed schizophrenic patients
205.5 ± 87.2

201.1 (73.8-348.5)

14.0 ± 4.3

14.6 (0.4-19.7)

Depressive patients
131.5 ± 112.0

100.3 (36.5-541.5)

12.5 ± 4.5

12.8 (2.4-18.9)

Healthy controls
158.4 ± 157.3

124.2 (39.3-803.9)

25.7 ± 14.0

25.8 (7.2-55.5)

Table 2: The descriptive statistics of serum levels of EGF and BDNF in study subjects, Mean ± Standard Deviation; Median (Min-Max)

In line with the aforementioned studies, the present study
demonstrates decreased levels of serum BDNF in depressed patients.
The accumulated data to date have raised the question of whether the
alterations in serum BDNF levels are a part of the pathophysiology of
both schizophrenia and MDD. The study by Esen-Danaci et al. has a
very limited sample size of SZD patients, but this study reported
decreased levels of serum BDNF in MDD patients compared to
healthy controls and SZD patients [24]. However, the levels of serum
BDNF in SZD patients were similar to those in healthy controls. Noto
et al. [25] reported increased levels of serum BDNF in SZD patients
whose CSDD scores were above 7 compared to those whose scores
were below 7. Present study demonstrates decreased levels of serum
BDNF in the SZD patients compared to the healthy controls.

Buckely et al. reported significant correlation between serum levels
of BDNF and positive symptoms. Zhang et al. reported a significant
correlation between serum levels of BDNF and negative symptoms.
Chen et al. reported a positive correlation between serum levels of
BDNF and PANSS scores. Noto et al. reported a positive correlation
between serum levels of BDNF and CDSS scores. In the present study,
we did not find any significant correlations between the serum levels
of BDNF and the PANSS or CDSS scores in the SZ group [21,25-27].

Some of the previous studies reported that clinical determinants
such as sex, smoking status, drinking behaviour and age can affect
serum BDNF levels [28,29], however some did not report such
association [7,21,23]. In the present study, we did not find any
significant correlation between the serum BDNF levels and sex, age,

age of onset, or body mass index, number of relapses in the patient
groups.

It is argued that, alterations in EGF may involve in the pathogenesis
of schizophrenia by disrupting dopaminergic or glutamatergic
functions [30]. Furthermore, Tian et al. [17] speculated that decreased
levels of EGF are a common phenotype in severe forms of psychiatric
disorders, not the mild ones. Therefore, it is suggested that, EGF levels
may be biomarkers for the early diagnosis and prognosis of severe
psychiatric disorders [17]. Futamura et al. [16] and Ikeda et al. [3]
reported decreased levels of serum EGF in schizophrenic patients
compared to healthy controls. However, Hashimoto et al. [31]
reported no significant difference between schizophrenic patients and
healthy controls in terms of levels of serum EGF. Futamura et al. [16]
did not demonstrate any association between levels of serum EGF and
duration of the disorder or antipsychotic treatment. Likewise, Ikeda et
al. [3] did not demonstrate any association between levels of serum
EGF and age, sex, onset age of the disorder, smoking status or BMI.
However, unlike Futamura et al. [16], they reported a positive
correlation between levels of serum EGF and duration of the disorder.
The findings of the present study do not suggest any correlations
between serum levels of EGF and sex, BMI, numbers of relapses or the
duration of the disorders. However, age negatively correlated with
serum levels of EGF.

The accumulated data regarding the EGF association with MDD is
very scarce. To the best of our knowledge, the most extensive study on
this particular subject was carried out by Tian et al. [17] They
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demonstrated that the plasma levels of EGF in patients with MDD
were significantly lower than those in the control participants. In the
present study serum levels of EGF were not different from the control
group in MDD or SZ groups. However, serum levels of EGF were
higher in SZD group compared to SZ, MDD and control groups. This
study has several limitations. The small sample size is the major
limitation of the present study. Some patients in the schizophrenia
group were on antipsychotic medications, which can be interpreted as
another limitation because it is known that antipsychotics might have
an effect on levels of BDNF and EGF. However, it is noteworthy that,
Futamura et al. [16] reported no alterations in serum BDNF or EGF
levels with psychotropic agents. In the present study, no serum BDNF
or EGF level differences were detected between the patients who were
undergoing treatment and those who were drug naïve. However,
serum levels of BDNF and EGF can be affected by hormonal changes
[32], the female patients’ menstrual cycles were neglected in the
present study. Because the storage time of the samples was no longer
than 5 years and the subjects were fasting before the samples were
taken, we did not expect any influence of these determinants on the
BDNF levels in the present study. Diurnal variation has been reported
for plasma BDNF levels, but not for serum BDNF levels [33], we also
did not expect any influence of diurnal variation on the outcomes of
the present study. Despite its limitations, as far as we know, this is the
first study that evaluates serum BDNF and EGF levels in patients with
schizophrenia with depression compared to not only a healthy control
group but a schizophrenia and major depression group.

The findings of the present study suggest that plasticity and
immune system changes are involved in the pathogenesis of
schizophrenic patients with or without depressive symptomatology.
However, the data do not clarify whether the depressive symptoms in
schizophrenia occur as a dimension of schizophrenia or as symptoms
of major depression that is comorbid to schizophrenia. Further studies
with larger samples are needed to determine whether BDNF and EGF
might be useful pathophysiological biological indicators of
schizophrenia and depression. Such studies may reveal accurate
biological indicators, which may help us understand the
pathophysiology of psychiatric disorders.
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